Abstract-Hyperthyroidism is a pathologic condition in which the body is exposed to excessive amounts of circulating thyroid hormones. Skeletal muscle is one of the major target organs of thyroid hormones. We evaluated hand grip strength and function in patients with overt hyperthyroidism. Fifty-one patients newly diagnosed with hyperthyroidism and 44 healthy controls participated in this study. Age, height, weight, and dominant hand of all participants were recorded. The diagnosis of hyperthyroidism was confirmed by clinical examination and laboratory tests. Hand grip strength was tested at the dominant hand with a Jamar hand dynamometer. The grooved pegboard test (PGT) was used to evaluate hand dexterity. The Duruöz Hand Index (DHI) was used to assess hand function. No significant differences were found in terms of clinical and demographic findings between the patients with hyperthyroidism and healthy controls (p > 0.05). Significant differences were found between the patients with hyperthyroidism and healthy controls regarding PGT and DHI scores (p < 0.05). Hyperthyroidism seemed to affect hand dexterity and function more than hand grip strength and seemed to be associated with reduced physical function more than muscle strength. This may also indicate that patients with hyperthyroidism should be evaluated by multidisciplinary modalities.
INTRODUCTION
In patients with hyperthyroidism, the amounts of circulating thyroid hormones increase in the body. While serum concentrations of the two thyroid hormones, triiodothyronine (T3) and thyroxine (T4), increase, levels of thyroid stimulating hormone (TSH) significantly reduce. The thyroid hormones are known to play an essential role in many biological processes in almost every tissue, including protein synthesis, muscle function, energy, and heat production. Fatigue, tremor, weight loss, and general muscle weakness may be seen in about 80 percent of patients with hyperthyroidism [1] [2] .
Thus, skeletal muscle is one of the major target organs of thyroid hormones; thyrotoxicosis consequently leads to myopathy as well as decreased muscle mass and strength [1, 3] . In multiple studies, 50 to 62 percent of patients gave a history of muscle weakness, 52 to 68 percent had objective Abbreviations: DHI = Duruöz Hand Index, PGT = grooved pegboard test, SD = standard deviation, T3 = tri-iodothyronine, T4 = thyroxine, TSH = thyroid stimulating hormone.
evidence of proximal muscle weakness, and 19 percent had distal muscle weakness [4] [5] [6] . Myopathy is a feature of thyrotoxicosis, particularly in elderly patients. While thyrotoxicosis is more common among women, symptomatic myopathy is more common among men [7] . In the case of hyperthyroid myopathy, significant dysfunction develops in both proximal and distal skeletal muscles. Decreased shoulder and grip strength were also reported [8] . Nevertheless, proximal muscles seem to be affected much more than distal muscles [2, 4, 9] .
The relationship between overt and subclinical hyperthyroidism and proximal skeletal muscle strength has been investigated previously [2, 4, 9] ; however, effects of hyperthyroidism on distal muscles of the upper limb have not yet been demonstrated. Therefore, for the first time, we evaluated hand grip strength, dexterity, and function in patients with primary hyperthyroidism in this study.
METHODS
Fifty-one patients newly diagnosed with primary hyperthyroidism and 44 healthy controls participated in this cross-sectional study. Patients were excluded if they had pain, stiffness, neuropathy, radiculopathy, or fracture in the dominant upper limb and fingers; had chronic diseases such as rheumatic, cardiovascular, or neuromuscular diseases that may affect functional status; or used medication such as pregabalin and/or gabapentin or statins that have possible adverse effects of dizziness and myalgia and/or myopathy, respectively, that may influence muscle function or motivation. To be included, patients had to have primary hyperthyroidism. None of the participants reported regular sports participation or exercise.
Age, sex, height, weight, body mass index, and dominant hand of the participants were noted. Patients who presented to the outpatient clinic of the Endocrinology Department with symptoms such as palpitation, hyperhidrosis, tremor, and heat intolerance were examined. Hyperthyroidism was suspected by clinical examination findings such as tachycardia, warm and moist skin, and hypertension (especially systolic). Blood samples were obtained in the morning in order to measure serum levels of TSH, free T3, and free T4 [10] . A thyroid function test of free T3, free T4, and TSH levels was carried out by electrochemiluminescence immunoassay method using the fully automatic UniCel DxI 800 immunoassay system (Beckman Coulter Inc; Brea, California). The normal ranges of serum TSH, free T3, and free T4 are 0.34 to 4.2 µIU/mL, 2.5 to 3.9 pg/mL, and 0.7 to 1.4 ng/dL, respectively. The cutoff value for TSH in diagnosing hyperthyroidism was 0.33 µIU/mL in this study. Primary hyperthyroidism was diagnosed with suppressed serum TSH and/or elevated free T3 and/or elevated free T4 levels. Antithyroid antibodies were evaluated to determine Graves' disease by electrochemiluminescence immunoassay method using the Cobas e601 analyzer (Roche Diagnostics; Indianapolis, Indiana) [11] . Ultrasonography revealed increased or normal thyroid volume (Graves' disease) and/or focal lesions (toxic qoitre, toxic nodule). Decreased and irregular echogenity of the thyroid gland was accepted as Graves' disease [11] . Thyroid radioactive iodine scintigraphy of the thyroid was performed in order to define Graves' disease and/or focal lesions. According to thyroid radioactive iodine scintigraphy, patients were divided as having or not having Graves' disease [11] .
Just after the diagnosis of primary hyperthyroidism in the outpatient clinic, patients were assessed regarding hand grip strength, function, and dexterity. None of the patients used any antithyroid treatments before the hand grip strength, function, and dexterity evaluations conducted by the same investigator (S.Ç.).
A Jamar hand dynamometer (Sammons Preston Inc; Bollingbrook, Illinois) was used to evaluate hand grip strength at the dominant hand. The position of the patient's arm was based on American Society of Hand Therapists recommendations [12] . The patient sat while his or her shoulder was adducted and neutrally rotated with the elbow flexed at 90° and the forearm and wrist neutrally positioned. Patients squeezed the handle of the dynamometer as hard as possible and maintained the maximal grip contraction for 2 to 5 s. Patients repeated this three times with 30 s periods between trials. The mean of three trial scores was noted, and lower scores indicate reduced hand grip strength [12] .
The grooved pegboard test (PGT) (model 32025, Lafayette Instrument; Lafayette, Indiana) was used to evaluate the dexterity of the hand. The PGT consists of a board with a cup across the top and 25 small holes. Patients were asked to place the 25 small pegs into the 25 small holes as quickly as possible with the dominant hand. The time for totally filling all the holes was noted as the PGT score. As in hand grip strength, the test was conducted three times and the mean of the scores was recorded; longer time indicates worse hand dexterity [13] .
The Duruöz Hand Index (DHI) was used to assess hand function. The DHI was categorized into three groups with 18 questions: group 1 evaluates activities requiring force and rotational motions, group 2 measures activities requiring dexterity and precision, and group 3 evaluates activities of the flexibility of the first three fingers. Patients were asked to score each item from 0 to 5 according to their experience during the past week, with higher scores indicating worse hand function [14] .
STATISTICAL ANALYSES
Statistical analysis was performed by SPSS version 18 (IBM Corporation; Armonk, New York). The normality of distribution for continuous variables was tested using the Kolmogrov-Smirnov test. Parametric continuous variables were presented as mean ± standard deviation (SD). Data with abnormal distribution were presented as median and interquartile ranges (the range of values lying between the 25th and 75th centiles). For variables that met parametric test conditions, Student t-test was used, and for others, Mann-Whitney U test was used for two-group comparisons. For the evaluation of categorical variables, chi-square test was used. For the evaluation of correlations between the nonparametric variables, Spearman rank correlation test was performed. All p-values were calculated as two-sided, and p < 0.05 was accepted as significant.
RESULTS
The mean ± SD ages of the patients with hyperthyroidism and healthy controls were 51.0 ± 14.2 and 46.5 ± 12.5 yr, respectively (p > 0.05). There were no significant differences in terms of sex distribution (p > 0.05). The dominant hand was the right, except for three patients with hyperthyroidism and one healthy control (p > 0.05). Table 1 summarizes clinical and demographic characteristics, and Table 2 presents laboratory findings of the patients with hyperthyroidism.
The median hand grip strength in patients with hyperthyroidism and healthy controls was 50.0 kg (range: 43-65 kg) and 54.5 kg (range: 45-81 kg), respectively. Regarding hand grip strengths, we found no significant differences between the groups (p > 0.05). However, there were statistically significant differences between the patients with hyperthyroidism and healthy controls in terms of PGT and DHI scores (p < 0.05). Table 3 presents the DHI, hand grip strength, and dexterity scores of the study groups.
Of the 51 patients with hyperthyroidism, 25 had T3 and/or T4 thyrotoxicosis of Graves' disease. There were no significant differences in terms of the scores of hand grip strength, PGT, and DHI between patients with and without Graves' disease (p > 0.05).
There were no significant correlations between TSH, free T4, or free T3 levels and the scores of hand grip strength, DHI, and PGT (p > 0.05).
DISCUSSION
In the present study, we demonstrated that hand grip strength was not significantly different between groups; however, hand dexterity and functional status were impaired in patients with primary hyperthyroidism compared with healthy controls. Graves' disease also seemed not to affect hand grip strength, dexterity, and function compared with patients with primary hyperthyroidism but without Graves' disease.
Skeletal muscle is highly sensitive to excess thyroid hormone but it seems to frequently affect proximal rather than distal muscles [2, 4] ; our findings on hand grip strength confirm the previous data suggesting this. In Short et al., the reason for this has been explained with oxidative capacity, and they suggest that patients with hyperthyroidism were prone to increased metabolic activity in muscles with high oxidative capacity such as the soleus compared with less oxidative muscles such as the plantaris [15] . Nevertheless, underlying mechanisms in muscle wasting and weakness are poorly understood. An increase in muscle protein turnover was reported in patients with hyperthyroidism. Although a net overall increase exists in muscle protein, elevated protein breakdown in muscle is associated with net muscle loss [16] . The muscle weakness in hyperthyroidism is severe and evolves rapidly, but recovery after treatment is fast and good [6] . Hyperthyroid Graves' disease was found to be related to significant changes in handwriting [17] . In contrast, we found no differences in terms of hand function and dexterity, which may be related to handwriting fluidity and fluency between patients with and without Graves' disease. After treatment for hyperthyroidism, a fluent handwriting appeared [17] . Consistent with this result, clinically significant improvements in muscle mass and strength were reported after the treatment of hyperthyroidism [3] . In addition, shoulder and grip strength significantly improved after treatment for hyperthyroidism [8] . On the other hand, it was shown that resistance training in addition to medical treatment increased skeletal muscle performance in patients under both medical and physical therapy compared with patients receiving medical therapy alone [2] .
Although muscle strength was accepted as the major indicator of muscle performance, muscular endurance seems to be more closely linked to the ability to apply some daily activities. Arriving at a euthyroid state does not lead patients to improve all aspects of muscle function [18] ; Bousquet-Santos et al. showed that muscular endurance did not reach the levels of healthy controls' endurance following medical treatment [2] . Significantly improved grip endurance but not shoulder endurance was also reported in patients treated medically [8] . Therefore, patients with reduced muscle strength due to hyperthyroidism should also be considered for resistance training along with the medical therapy for its positive effect on the functional status and quality of life of these patients. On the other hand, forearm blood flow rose as part of the exercises but there were not any significant differences between the euthyroid and hyperthyroid patients. In the same study, the serum T3 level was found to have no direct effect on skeletal muscle oxygenation or blood flow during dynamic exercise, but it did induce muscle sympathetic nerve activity during fatiguing exercises [19] . How the thyroid hormones affect muscles is still a challenging question.
Because serum T4 levels were found to be correlated with clinical muscle weakness, Duyff et al. suggested a functional muscle disorder in hyperthyroidism [6] . Although we did not find any significant correlations between TSH, free T4, or free T3 levels and the scores of hand grip strength, DHI, and PGT, our data also suggest that there may be a functional muscle disorder in hyperthyroidism because DHI and PGT scores were significantly higher, indicative of impairment, in patients with hyperthyroidism than in healthy controls.
There are several limitations in the present study. We did not know the exact exercise capacity and muscle endurance of the patients, and this could have confounded the assessment of muscle performance. The cross-sectional design, which is not the best way to clarify all the possible associations, also might have lead to false positive or negative results. 
CONCLUSIONS
Decreased hand function may be linked to impairment in patients' abilities to perform simple daily activities such as self-care tasks. Hyperthyroidism seems to affect hand dexterity and function more than hand grip strength. Our findings regarding PGT and DHI scores suggest that hyperthyroidism is associated with more reduced physical function and hand dexterity than muscle strength. This may also indicate that patients with primary hyperthyroidism, whether with Graves' disease or not, should be evaluated by multidisciplinary modalities. Future studies with larger patient populations and longer follow-up periods should answer whether excess thyroid hormone concentrations worsen hand function and dexterity and should be designed to investigate the possible underlying mechanisms of functional hand impairment.
